We improve the heavy quark potential, extracted from the Wilson loop average in the Ads/CFT approach by taking the quantum fluctuation of the only radial coordinate of Ads 5 which is transverse to the world-sheet of the classical Nambu-Goto string in the static gauge, and obtain the universal Lüscher-Symanzik-Weisz/Lüscher term.
A seminal conjecture by Maldacena [1] states the duality between the large N superconformal Yang-Mills theory and the low energy behaviour of the superstring theory in the Anti-de Sitter space back-ground. It is further shown that the correlation functions of the local gauge invariant operators of N = 4 supersymmetric Yang-Mills theory are related to the classical limit of the superstring partition function [2, 3] . Also the vacuum expectation values of the non-local operators like Wilson loops are easily computed using this duality [4, 5] . This facilitates to extract the heavy quark potential for SUSY Yang-Mills theories. The proposal became quite useful after Witten [6] has shown how one can break Supersymmetry with non-zero temperature. This makes a close contact with the pure QCD and as far as possible, several qualitative behaviour of QCD in the strong coupling limit are verified [8] . In this approach the background Euclidean time is compactified on a circle which is related to the equilibrium temperature T. Here one takes the space-time fermion to be anti-periodic in this direction and then all the fermions will be as heavy as the order of the temperature T. In the extreme high temperature limit fermions decouple. Thus the d+1 dimensional theory is described as a d dimensional theory without any fermion. This gives us a d dimensional pure QCD in the zero temperature.
The heavy quark potential of the planar QCD 3 is extracted from the vacuum expectation value of the Wilson loop operator [5, 7] . The space-like Wilson loop gives a linear potential which correctly signals the area law. However the Lüscher-Symanzik-Weisz (LSW) term or commonly known as Lüscher term is absent from this potential [9] . This is a universal term independent of any coupling constant and is a characterstic of the string generated QCD potential and has been seen and correctly estimated by Lattice simulation [10] . This might cast doubt on the supergravity approach to study planar QCD. However there are some attempts by Greensite and Olesen [11] and by Dorn and Otto [12] to get rid of this problem. So far there is no concrete explanation in this regard. Here we claim to get this LSW term by considering quantum fluctuations of the classical solution which is an improvement over the Nambu-Goto solution taken by authors of Ref. [5, 7] . We will discuss all the points in the sequel.
Here we consider the case of planar QCD 3 which can be trivially extended to higher dimension. Following Maldacena [4] we put heavy quark and anti-quark at x = L/2 and x = −L/2 respectively which are attached by a Nambu-Goto string in an Ads 5 × S 5 black-hole background, where the metric reads
Where
Here g s is the string coupling and N is the number of coinciding D 3 branes which gives U(N) Yang-Mills theory and R is the radius of the anti-de Sitter space. The Nambu-Goto string action in this background is
We look for the Wilson loop which traces area in the space-like surface. The boundaries are accordingly x 1 = ± L 2 , x 0 = x 3 = 0 and the line where U → ∞ runs parallel to x 2 axis. In the static gauge the world-sheet cordinates are τ = x 2 , σ = x 1 and ∂ τ x M = δ M 2 and ∂ σ x 0 = ∂ σ x 3 = 0. Thus the action
The potential is extracted in the T → ∞ limit as
The T → ∞ limit is the analouge ofh → 0 limit and thus the classical solution is an exact solution. However Lüscher term is a purely quantum mechanical term showing the finite size scaling. In this very brief report we show here how this classical potential is extracted and how it can be further improved to accommodate the LSW/Lüscher term.
Using symmetry and the classical equation of motion we get
Where C 0 is a constant which is fixed from the boundary relation U(σ 0 ) = U 0 is such that U ′ (σ 0 ) = 0. This gives
where ǫ = 1 − U 4 T /U 4 0 . The classical action is
which gives
This is a linear potential V (L) = σL + · · · where σ = U 2 0 2πR 2 is the string tension. In terms of Yang-Mills coupling this gives σ = π √ 2 g Y M √ NT 3 . However the subleading term c L is missing in the classical approximation. Also c is supposed to be universal term which does not contain any physical parameter except the finite size scale L. This is a purely quantum effect. We take here one-loop quantum effect around the classical solution of U as U = U cl + η where η is the quantum field. The action in this order is given by
where
To integrate over the field η we redefine
where α is a classical field. This gives
and L measure is due to the redefinition of the field η. Also α satisfies
We take further dervatives with respect to σ of the equation of motion (c.f. eq.(5)) and get
To solve this linear differential equation we substitute α = g U ′ . This gives ∂ 2 g = 0 and g = aσ + b where a and b are fixed from the boundary conditions. In order that α be well behaved at σ 0 and at L/2 , we fix b = a (σ − σ 0 ) and a = U ′ (L/2) L . The measure is now changed from Dη → Dϕ and the contribution of this to the effective action
This integration can be trivially done and for large L where U ≃ U 0 the measure just contributes a constant without changing any character of the potential. We take the quantum fluctuation η to be zero on the boundary of the Wilson loop i.e. for σ = 0 and L/2. Then integration over ϕ gives the required LSW term − π 12L for the potential.
As mentioned earlier the classical action is exact in the static gauge when T → ∞. We just supplemented this classical action with the quantum fluctuation of the transverse cordinate U. We do not take the fluctuations of the world-sheet for all the transverse coordinate as has been shown by Greensite and Olesen [13] . In the finite temperature case and the high temperature limit when dimensional reduction is taking place, fermions completely decouple from the spectrum. Since we are in the very low energy limit of extracting the potential we feel it is legitimate not to take any of these fluctuations.
Note Added
This work was completed in December and was presented in the String theory workshop at Puri (9th Dec-19th Dec 1998). That time I was not aware of the work of Greensite and Olesen [13] and also of Förste et. al. [14] where both the groups have considered the worldsheet fluctuations of both the fermionic and the bosonic coordinates.
